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SCHEMATIC SERIES SHOWING THE ASSEMBLY AND OPERATION
OF THE V-CHIP ASSEMBLY

V-Chip Assembly

Step 1 - Plates positioned in preparation for assembly

FIG. 21
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V-Chip Assembly

Step 2 - Top plate begins to move over bottom plate

FIG. 22
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V-Chip Assembly

Step - 3 top plate continues to move over bottom plate

FIG. 23
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V-Chip Assembly

Step 4 - top plate continues to move over bottom plate

FIG. 24
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V-Chip Assembly

Step 5 - Assembly complete

FIG. 25
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V-Chip Sliding

Step 6 - Fill wells

FIG. 26
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V-Chip Sliding

Step 7 - Oblique sliding initiated

FIG. 27

V-Chip Sliding

Step 8 - Obligue sliding continues

FIG. 28
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V-Chip Multiplexed Readout

i )

Step 9 - Obligue sliding complete, reaction begins

FIG. 29

V-Chip Multiplexed Readout

Step 10 - Reaction continues

FIG. 30
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V-Chip Multiplexed Readout

Step 11 - Reaction continues

FIG. 31

V-Chip Multiplexed Readout

£ 3

Step 712- Reaction complete, data ready to be read

FIG. 32
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FIG. 48
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MULTIPLEXED VOLUMETRIC BAR CHART
CHIP FOR POINT OF CARE BIOMARKER
AND ANALYTE QUANTITATION

REFERENCE TO PENDING PRIOR PATENT
APPLICATION

This patent application claims benefit of prior U.S. Provi-
sional Patent Application Ser. No. 61/714,676, filed Oct. 16,
2012 by Lidong Qin et al. for MULTIPLEXED VOLUMET-
RIC BAR CHART CHIP FOR POINT OF CARE BIOMAR-
KER QUANTITATION, which patent application is hereby
incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates generally to methods and apparatus
for determining the quantity of a protein and other biomarkers
and analytes present in a sample, and more particularly to
methods and apparatus for point of care determination of the
quantity of a protein (and, preferably, the quantity of multiple
biomarkers) present in a sample.

BACKGROUND OF THE INVENTION

Molecular quantity analysis is widely used in research,
diagnosis, quality control and other types of measurements. It
is well known that the diagnosis and treatment of certain
medical conditions can be facilitated by identifying the pres-
ence and quantity of a selected biomarker in a sample taken
from a patient. Furthermore, research has shown that, in many
situations, multi-biomarker measurements can provide a
more accurate diagnostic result. More particularly, biomarker
research has identified many helpful proteomics and genomic
panels for disease diagnosis and prognosis, including cancer,
infection, cardiovascular disease, diabetes, Alzheimer’s dis-
ease and others. For example, a four-biomarker panel has
been developed for detecting early stage ovarian cancer, and
an 18-protein biomarker panel has been developed for the
diagnosis of early Alzheimer’s disease.

Current methods for protein-based biomarker assays typi-
cally utilize an enzyme-linked immunosorbent assay
(ELISA) approach, where the target protein binds to a specific
recognition molecule, and then colorimetric, fluorescent,
electrochemical or magnetic signals are introduced to trans-
duce the binding event into a readout signal. However, inas-
much as advanced instrumentation is typically required for
quantitative detection of the target protein, these methods are
not ideal for point of care applications, due to the size and
high cost of the instrumentation and/or the complicated
operation of the instrumentation. See, for example, FIG. 1,
which shows the typical approach for a protein-based biom-
arker assay, where a blood sample is drawn from a patient and
then processed by a relatively large, complex instrument.

Thus there is a need for a new method and apparatus for
point of care determination of the quantity of a protein (and,
preferably, the quantity of multiple proteins) present in a
sample.

SUMMARY OF THE INVENTION

These and other objects are addressed by the provision and
use of a novel method and apparatus for point of care deter-
mination of the quantity of a protein (and, preferably, the
quantity of multiple proteins) present in a sample.
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2

In one form of the present invention, there is provided
apparatus for determining the quantity of a target protein and
other types of biomarkers or analytes present in a sample, the
apparatus comprising:

a top plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and

a bottom plate comprising a plurality of recesses arranged
to form a plurality of rows extending parallel to one
another, and a plurality of channels extending perpen-
dicularly to the plurality of rows of the bottom plate;

wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom plate
and the recesses of the top plate communicate with the
recesses of the bottom plate so as to form a plurality of
rows; and

wherein at least one of the top plate and the bottom plate is
configured to slide relative to the other of the top plate
and the bottom plate in order to form a plurality of
columns, with each of the plurality of columns in com-
munication with each of the plurality of channels.

In another form of the present invention, there is provided

a method for determining the quantity of a target protein and
other types of biomarkers or analytes present in a sample, the
method comprising:

providing apparatus comprising:

a top plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and

a bottom plate comprising a plurality of recesses arranged
to form a plurality of rows extending parallel to one
another, and a plurality of channels extending perpen-
dicularly to the plurality of rows of the bottom plate;

wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom plate
and the recesses of the top plate communicate with the
recesses of the bottom plate so as to form a plurality of
rows; and

wherein at least one of the top plate and the bottom plate is
configured to slide relative to the other of the top plate
and the bottom plate in order to form a plurality of
columns, with each of the plurality of columns in com-
munication with each of the plurality of channels;

binding a protein-specific antibody in at least one recess
forming one of the plurality of rows of the top plate;

positioning hydrogen peroxide in a recess adjacent to the
row containing the protein-specific antibody;

positioning ink in a recess in a row adjacent to the plurality
of channels;

positioning a sample in the at least one recess containing
the protein-specific antibody;

positioning a catalase in the at least one recess containing
the protein-specific antibody and the sample;

sliding one of the top plate and the bottom plate relative to
the other of the top plate and the bottom plate so as to
form the plurality of columns, with each column being in
communication with one of the plurality of channels;
and

determining the quantity of the target protein and other
biomarker and other molecular analyte present in the
sample by detecting the longitudinal position of the ink
contained in the plurality of channels.

In another form of the present invention, there is provided

a method for determining the quantity of a target analyte
present in a sample, the method comprising:

providing apparatus comprising:
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atop plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and
a bottom plate comprising a plurality of recesses
arranged to form a plurality of rows extending parallel
to one another, and a plurality of channels extending
perpendicularly to the plurality of rows of the bottom
plate;
wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom
plate and the recesses of the top plate communicate
with the recesses of the bottom plate so as to form a
plurality of rows; and
wherein at least one of the top plate and the bottom plate
is configured to slide relative to the other of the top
plate and the bottom plate in order to form a plurality
of columns, with each of the plurality of columns in
communication with each of the plurality of channels;
binding a capture agent in at least one recess forming one of
the plurality of rows of the top plate, introducing a
sample into the at least one recess so that an analyte
contained in the sample is bound to the capture agent,
and binding a probe to the bound analyte; and position-
ing a reagent in a recess adjacent to the row containing
the capture agent, bound analyte and bound probe; and
positioning ink in a recess in a row adjacent to the
plurality of channels;
sliding one of the top plate and the bottom plate relative to
the other of the top plate and the bottom plate so as to
form the plurality of columns, with each column being in
communication with one of the plurality of channels;
and
determining the quantity of the analyte present in the
sample by detecting the longitudinal position of the ink
contained in the plurality of channels.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present inven-
tion will be more fully disclosed or rendered obvious by the
following detailed description of the invention, which is to be
considered together with the accompanying drawings
wherein like numbers refer to like parts, and further wherein:

FIG. 1 which shows a typical prior art approach for a
protein-based biomarker assay, where a blood sample is
drawn from a patient and then processed by a relatively large,
complex instrument;

FIG. 2 shows the novel multiplexed volumetric bar chart
chip of the present invention;

FIG. 3 shows the novel multiplexed volumetric bar chart
chip of FIG. 2 and a barcode scanner which can be used to
read the multiplexed volumetric bar chart chip;

FIGS. 4-8 illustrate further details of the novel multiplexed
volumetric bar chart chip of the present invention;

FIG. 9 is a schematic drawing of an etching process which
can be utilized to form recesses and channels in the top plate
and the bottom plate of multiplexed volumetric bar chart chip;

FIG. 10 is a schematic drawing of the assembly and opera-
tion of the multiplexed volumetric bar chart chip of the
present invention;

FIGS. 11 and 12 are schematic drawings illustrating use of
the multiplexed volumetric bar chart chip of the present
invention;

FIG. 13 shows the multiplexed volumetric bar chart chip of
the present invention prior to the oblique sliding of the top
plate relative to the bottom plate;
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FIGS. 14-16 show the test results obtained in accordance
with the present invention for various samples;

FIGS. 17-20 show specific steps which are performed in
accordance with the method of the present invention;

FIGS. 21-32 are a schematic series of views illustrating the
assembly and operation of the multiplexed volumetric bar
chart chip in one form of the present invention;

FIGS. 33-45 are a schematic series of views showing how,
over time, the ink in various bar channels advance in the
multiplexed volumetric bar chart chip according to the quan-
tity of target proteins or other types of biomarkers or other
molecular analytes present in the sample;

FIG. 46 illustrates specific steps which are performed in
accordance with a DNA assay scheme and oxygen generation
mechanism;

FIG. 47 shows an alternative embodiment of the novel
multiplexed volumetric bar chart chip of the present inven-
tion;

FIG. 48 shows images of hydrogen peroxide solution
pushed into platinum wells using the multiplexed volumetric
bar chart chip of FIG. 47;

FIGS. 49 and 50 show an alternative embodiment of the
novel multiplexed volumetric bar chart chip of the present
invention; and

FIG. 51 shows an alternative embodiment of the novel
multiplexed volumetric bar chart chip of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a new method and appara-
tus for point of care determination of the quantity of a protein
(and, preferably, the quantity of multiple proteins) present in
a sample.

More particularly, and looking now at FIG. 2, in one pre-
ferred form of the invention, there is provided a novel multi-
plexed volumetric bar chart chip 5. Multiplexed volumetric
bar chart chip 5 is configured to simultaneously determine the
quantity of multiple proteins which may be present in a
sample, with the quantity of each protein which is present in
the sample being indicated in a particular one of a plurality of
bar channels 10. By way of example but not limitation, 6, 10,
30, and 50-plexed, or more than 50-plexed, channels may be
incorporated into multiplexed volumetric bar chart chip 5.
Bar channels 10 may be straight (as shown in FIG. 2) or
curved (e.g., serpentine, circular, z-shaped) or formed in any
other configuration which provides a series of channels hav-
ing a length. As a result of this construction, the review of a
particular bar channel 10 will indicate the quantity of a par-
ticular protein which may be present in the sample and, sig-
nificantly, the collective array of the plurality of bar channels
10 will simultaneously indicate, in bar chart form, the quan-
tities of multiple proteins which may be present in the sample,
whereby to provide multi-protein quantity measurements and
hence a more comprehensive diagnostic result.

As seen in FIG. 3, the multi-protein measurements pre-
sented in bar chart form by multiplexed volumetric bar chart
chip 5 may then be read with a smart-phone or barcode
scanner 15, whereby to automate the data collection process.

Looking now at FIGS. 4-8, multiplexed volumetric bar
chart chip 5 comprises two plates, a transparent top plate 20
and a bottom plate 25 (which may or may not be transparent).

Top plate 20 (FIGS. 5 and 6) has a plurality of recesses 30
formed on its bottom surface, with recesses 30 being arranged
in a plurality of rows 35 (i.e., 35A, 35B, 35C, etc.), with each
of'the recesses 30 extending at a 45 degree anglerelative to the
axis of a given row 35, and with a recess 30 in one row 35
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being aligned with an offset recess 30 in an adjacent row 35.
An inlet 40 is connected to a far side recess 30 on the ultimate
row 35A, and an outlet 45 is formed adjacent to the opposite
far side recess 30 on the same ultimate row 35A. An inlet 50
is connected to a far side recess 30 on the penultimate row
35B, and an outlet 55 is formed adjacent to the opposite far
side recess 30 on the same penultimate row 35B. The ante-
penultimate row 35C lacks both an inlet and an outlet. An inlet
60 is connected to a far side recess 30 on the ante-antepenul-
timate row 35D, and an outlet 65 is formed adjacent to the
opposite far side recess 30 on the same ante-antepenultimate
row 35D.

In one preferred form of the invention, and looking now at
FIG. 9, recesses 30, inlets 40, 50, 60, and outlets 45, 55, 65 are
all formed in the bottom surface of top plate 20 using a
conventional etching process of the sort well known in the
etching arts. Preferably, recesses 30, inlets 40, 50, 60 and
outlets 45, 55, 65 are etched in the bottom surface of a glass
plate. Alternatively, recesses 30, inlets 40, 50, 60 and outlets
45, 55, 65 may be formed in a silicon plate, a plastic plate, a
ceramic plate, a quartz plate, a metal oxide plate or other
appropriate substrate material.

Bottom plate 25 has a plurality of recesses 70 formed on its
top surface, with recesses 70 being arranged in a plurality of
rows 75 (i.e., 75A, 75B, 75C, etc.), with each of the recesses
70 extending at a 45 degree angle relative to the axis ofa given
row 75, and with a recess 70 in one row 75 being aligned with
an offset recess 70 in an adjacent row 75. An outlet 80 is
connected to a far side recess 70 on the ultimate row 75A. An
outlet 85 is connected to a far side recess 70 on the penulti-
mate row 75B. The antepenultimate row 75C lacks an outlet.
An outlet 90 is connected to a far side recess 70 on the
ante-antepenultimate row 75D. In addition, the plurality of
bar channels 10 are formed on the top surface of bottom plate
25, with each of the bar channels 10 being connected to a
recess 70 in the ante-ante-antepenultimate row 75E (see FIG.
8), and with each of the bar channels 10 extending parallel to
one another and perpendicular to the axis of rows 75.

In one preferred form of the invention, and looking now at
FIG. 9, recesses 70, outlets 80, 85, 90, and bar channels 10 are
all formed in the top surface of bottom plate 25 using a
conventional etching process of the sort well known in the
etching arts. Preferably, recesses 70, outlets 80, 85, 90, and
bar channels 10 are etched in the top surface of a glass plate.
Alternatively, recesses 70, outlets 80, 85, 90, and bar channels
10 may be formed in a silicon plate, a plastic plate, a ceramic
plate, a quartz plate, a metal oxide plate or other appropriate
substrate material.

Looking next at FIG. 10, top plate 20 is assembled on top
of'bottom plate 25 so that recesses 30 in top plate 20 commu-
nicate with recesses 70 in bottom plate 25. More particularly,
when top plate 20 is assembled on top of bottom plate 25 in
this manner, recesses 30 in top plate 20 will cooperate with
recesses 70 in bottom plate 25 so as to initially form a plural-
ity of continuous rows 95 (i.e., 95A, 95B, 95C, 95D, etc.) in
multiplexed volumetric bar chart chip 5, with the inlet 40 of
ultimate row 95A being connected with the outlet 45 of ulti-
mate row 95A, with the inlet 50 of the penultimate row 95B
being connected with the outlet 55 of the penultimate row
95B, and with the inlet 60 of the ante-antepenultimate row
95D being connected with the outlet 65 of the ante-antepen-
ultimate row 95D. As noted above, the antepenultimate row
95C lacks both an inlet and an outlet.

Still looking now at FIG. 10, it will be appreciated that, due
to the dispositions of recesses 30 in top plate 20 and recesses
70 in bottom plate 25, an oblique slide of top plate 20 relative
to bottom plate 25 disrupts the aforementioned rows 95 and
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causes them to transform into a plurality of continuous col-
umns 100 (i.e., 100A, 100B, 100C, etc.), with each column
100 being in fluid communication with one of the aforemen-
tioned bar columns 10.

In view of the foregoing construction, multiplexed volu-
metric bar chart chip 5 can be used to simultaneously deter-
mine the quantity of multiple proteins present in a sample,
with the quantity of each specific protein being indicated in a
particular one of the plurality of bar channels 10.

More particularly, and referring now to FIGS. 11 and 12,
and as will hereinafter be discussed in further detail below,
during manufacture of multiplexed volumetric bar chart chip
5, a different protein-specific antibody is bonded in a recess
30 of the penultimate row 35B. As a result, after the bottom
plate 20 and top plate 25 are assembled together, row 75B will
contain a series of different protein-specific antibodies, with
a different protein-specific antibody being located in each
recess 30 of the row 75B.

Prior to use, hydrogen peroxide (H,O,) is introduced into
inlet 40 of multiplexed volumetric bar chart chip 5, whereby
to fill the ultimate row 75A of multiplexed volumetric bar
chart chip 5 with hydrogen peroxide. Red ink (or some other
colored material which is readily discernible through top
plate 25 and against bottom plate 20) is introduced into inlet
60 of multiplexed volumetric bar chart chip 5, whereby to fill
the ante-antepenultimate row 75D of multiplexed volumetric
bar chart chip 5 with red ink. Antepenultimate row 75C is
intentionally left blank to serve as an air spacer, thereby
avoiding direct contact between a sample and the red ink.

Then, when a sample is to be checked for the presence and
quantity of specific proteins (i.e., the proteins which will bind
to the protein-specific antibodies already bound to the
recesses 30 of row 75B), the sample is introduced into inlet 50
of multiplexed volumetric bar chart chip 5 so that the sample
fills the penultimate row 75B. This action causes the sample
to mix with the different protein-specific antibodies which are
bonded to bottom plate 20 in the recesses 30, so that the target
proteins bind to the appropriate protein-specific antibodies in
the recesses 30. Significantly, each target protein binds to
only one protein-specific antibody, and such binding takes
place in only one of the recesses 30 in the penultimate row
75B. Thereafter, the penultimate row 75B is flushed so as to
remove any materials which are not bound to a protein-spe-
cific antibody.

Next, catalase is introduced into inlet 50 of multiplexed
volumetric bar chart chip 5 so as to fill the penultimate row
75B. This action causes the catalase to bind to the target
proteins which are themselves bound to the protein-specific
antibodies in the recesses 30. It will be appreciated that, to this
end, the catalase is a mixture of all the catalase detecting
probes required for binding to the target proteins (e.g., silica
nanoparticles conjugated with detecting antibodies and cata-
lase molecules). Then excess catalase is rinsed from the pen-
ultimate row 75B.

Thereafter, top plate 25 is slid obliquely relative to bottom
plate 20, causing rows 75 (i.e., 75A, 75B, 75C, 75D, etc.) to
be disrupted and transformed into columns 100 (i.e., 100A,
100B, 100C, etc.). As this row-to-column transformation
occurs, each recess 30 (containing the protein-specific anti-
bodies and any target proteins bound thereto and any catalase
bound thereto) previously located in penultimate row 75B
becomes incorporated as a section of a specific column 100
(i.e., 100A, 100B, 100C, etc.). In addition, as this row-to-
column transformation occurs, the hydrogen peroxide con-
tained in row 75A is permitted to advance up each of the
columns 100 and thereby mix with any catalase bound to the
target proteins (which are themselves bound to the protein-
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specific antibodies), the mixing of which causes a reaction
which releases oxygen gas. The oxygen gas is produced in
proportion to the quantity of catalase present in a given col-
umn (and hence in proportion to the quantity of target proteins
which are present in a given column). Thus, the quantity of
oxygen gas produced in a given column 100 is proportional to
the quantity of target proteins which are present in a given
column 100, with each of the columns 100 containing a
different target protein (by virtue of the fact that each of the
columns 100 contains a different protein-specific antibody).
The oxygen gas produced by the reaction accumulates within
the limited volume of columns 100 and causes an increase in
pressure, which propels the red ink contained in columns 100
into and along bar columns 10, with the ink advancing a
distance along bar columns 10 which is proportional to the
quantity of oxygen gas produced in that column, which is in
turn proportional to the quantity of the target proteins which
are bound to the protein-specific antibodies disposed in the
recesses associated with that column.

As aresult of the foregoing, by disposing different protein-
specific antibodies in different ones of the recesses 30 of rows
35 of bottom plate 20, multiplexed volumetric bar chart chip
5 can be used to simultaneously determine the quantity of
multiple proteins present in a sample, with the quantity of
each protein being indicated in a particular one of a plurality
of bar channels 10. See, for example, FIGS. 13-16, where
FIG. 13 shows multiplexed volumetric bar chart chip 5 prior
to the oblique sliding of top plate 25 relative to bottom plate
20, and FIGS. 14-16 show the test results for various samples.

FIGS. 17-20 show specific steps in the foregoing process.
Specifically, FIG. 17 shows a protein-specific antibody being
bound in a recess 30 of bottom plate 20; FIG. 18 shows a
sample being loaded into a recess 30 of bottom plate 20,
whereby to bind a target protein to a protein-specific anti-
body; FIG. 19 shows catalase being loaded into arecess 30 so
as to bind catalase to a target protein (which is itself bound to
a protein-specific antibody); and FIG. 20 shows hydrogen
peroxide being loaded into a recess 30, whereby to release
oxygen gas in proportion to the quantity of target protein
present in a recess 30.

If desired, the same protein-specific antibody can be bound
in multiple recesses 30 of penultimate row 35B of bottom
plate 20, whereby to provide redundancy.

FIGS. 21-32 are a schematic series of views showing the
assembly and operation of the multiplexed volumetric bar
chart chip in one preferred form of the present invention.

FIGS. 33-45 are a schematic series of views showing how,
over time, the ink in a given bar channel advances a distance
along that bar channel which is proportional to the quantity of
the target protein which are bound to the protein-specific
antibody disposed in the recess associated with that bar chan-
nel, whereby to indicate, in multiplexed volumetric bar chart
form, the results of a simultaneous multi-protein assay.

The novel method and apparatus of the present invention
provides instant and visual quantitation of target biomarkers
or other molecular analytes and provides a visualized bar
chart without the use of instruments, data processing or
graphic plotting. Thus, since the novel method and apparatus
of the present invention does not require the use of complex
instruments, the novel method and apparatus of the present
invention can be easily used as a point of care determination
of the quantity of a protein (and, preferably, the quantity of
multiple proteins) present in a sample. More particularly, the
novel method and apparatus of the present invention can be
used as a point of care determination of the quantity of pro-
tein, nucleic acid, peptide, sugar, organic compounds, poly-
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mer, metal ions, and other molecular analytes, as well as the
quantity of bacteria, cells, and particles.

In the foregoing description, gas is generated by the reac-
tion of an ELISA probe with a reagent, and specifically, gas is
generated by the reaction of the ELISA probe (i.e., the pro-
tein-specific antibody which is bound to the target protein
which is bound to the catalase) with hydrogen peroxide. It is
important to note that many other combinations of a probe
and areagent may be used to generate gas. By way of example
but not limitation, such probe and reagent combination may
include catalase and hydrogen peroxide, platinum film or
particles and hydrogen peroxide, catalase and carbamide per-
oxide, zinc and chloric acid, iron and chloric acid, and other
similar combinations. Thus, since the multiplexed volumetric
bar chart chip readout is based on the volumetric measure-
ment of a gas generation, many fast responsive gas generation
schemes can be used for the system, including catalase with
hydrogen peroxide, catalase and carbamide peroxide, zinc
and chloric acid, iron and chloric acid, and other similar
combinations.

Furthermore, the multiplexed volumetric bar chart chip is
based on a sandwich assay. In the foregoing description, a
capture antibody binds to an analyte and a detecting antibody
conjugated with a catalase probe indicates the amount. Thus,
the sandwich scheme is made up of capture antibody/analyte/
detecting antibody conjugated with a catalase probe.

This type of sandwich scheme could also be extended to
nucleic acid hybridization, where the sandwich is capture
DNA strand/target strand/detecting DNA strand (i.e., the tar-
get strand has a first half complimentary to the capture DNA
strand and a second half complimentary to the detecting DNA
strand). By way of example but not limitation, see FIG. 46,
which shows specific steps that are performed in accordance
with a DNA assay scheme and oxygen generation mecha-
nism.

Additionally, this type of sandwich scheme could also be
extended to hydrogen bonding, electrostatic reaction or inter-
action, or covalent bonding, where the target analyte is cap-
tured by a surface with a coating that can adhere the analyte by
either hydrogen bonding, electrostatic reaction or interaction
or the formation of a covalent bond. The readout of the
adhered or bonded analyte can then be detected by the detect-
ing antibody with a catalase probe. The sandwich of these
types are surfaces (with adhesion forces of hydrogen bond-
ing, electrostatic interaction or covalent bonding)/analyte/
probe of detecting antibody with catalase.

In another embodiment of the present invention, and look-
ing now at FIG. 47, a novel multiplexed volumetric bar chart
chip 200 is provided which may be used in accordance with
the present invention to determine the quantity of a target
protein or other types of biomarkers or other analytes,
wherein the signal for determining the quantity of the target
protein or other types of biomarkers or other analytes is
amplified.

More particularly, multiplexed volumetric bar chart chip
200 comprises two glass plates, a transparent top plate 220
and a bottom plate 225 (which may or may not be transpar-
ent).

Top plate 220 and bottom plate 225 are similar to top plate
20 and bottom plate 25 discussed above, except that the
plurality of rows are arranged on the multiplexed volumetric
bar chart chip 200 so that the recesses in the rows are filled
with the ELISA reagents (Assay) (i.e., the protein-specific
antibody, with the sample and catalase bound thereto), hydro-
gen peroxide, platinum film, hydrogen peroxide, platinum
film, hydrogen peroxide, platinum film and ink.
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As the ELISA reagent reacts with the hydrogen peroxide,
oxygen is generated, with that oxygen being proportional to
the quantity of the target antibody present in the sample. The
oxygen generated by the ELISA reaction in turn drives a
quantity of unreacted hydrogen peroxide (that is proportional
to the quantity of oxygen produced from the ELISA reaction)
into the next row of the chip (which contains platinum film).
When this unreacted hydrogen peroxide passes into the row
containing the platinum film, additional oxygen is generated,
with the quantity of oxygen generated being proportional to
(but greater than) the quantity of oxygen produced from the
original ELISA reaction). This process cascades down the
successive rows of the chip and, with each step, the amount of
oxygen produced is proportional to (but successively greater
than) the original quantity of oxygen produced by the ELISA
reaction, which is in turn proportional to the quantity of the
target protein or other types of biomarkers or other analytes
present in the sample. However, since more oxygen is pro-
duced by each successive hydrogen peroxide/platinum film
reaction, the signal (i.e., the advancement of the red ink in the
plurality of channels) is amplified. Since the advancement of
the red ink is the sum of the catalase reacting with hydrogen
peroxide and the results of the platinum film reacting with
hydrogen peroxide over three steps, multiplexed volumetric
bar chart chip 200 exhibits a higher sensitivity than the mul-
tiplexed volumetric bar chart chip 5 discussed above. See, for
example, FIG. 48, which shows images of hydrogen peroxide
solution being pushed into successive platinum wells. Due to
the accumulated volume of oxygen at different stages of the
chip, more hydrogen peroxide was pushed into the platinum
wells at the higher stage than at the lower stage.

In still another embodiment of the present invention, and
looking now at FIGS. 49 and 50, a novel multiplexed volu-
metric bar chart chip 300 is provided. Multiplexed volumetric
bar chart chip 300 is similar to multiplexed volumetric bar
chart chip 5 discussed above, except that multiplexed volu-
metric bar chart chip 300 is manufactured so as to reduce the
reagent loading and washing steps required for a user.

In this embodiment, the ELISA reagents (i.e., the washing
buffer, catalase probe and washing buffer) can be preloaded in
the multiplexed volumetric bar chart chip during the manu-
facturing stage (e.g., at the locations shown in FIG. 49). At the
time of use, the sample is positioned in the multiplexed volu-
metric bar chart chip (e.g., at the location shown in FIG. 49).
Then, the multiplexed volumetric bar chart chip is slid verti-
cally so that the sample, washing buffer, catalase probe and
washing buffer are sequentially passed through the ELISA
reagent row of the chip, whereby to prepare the ELISA row of
the chip in a single action. Subsequently, the multiplexed
volumetric bar chart chip can be slid in the oblique direction
s0 as to activate the oxygen reaction and generate the desired
results.

In this form of the invention, the user will only need to load
the sample into the chip and then slide the chip obliquely so as
to activate the assay process.

FIG. 51 shows another form of the present invention in
which the multiplexed volumetric bar chart chip is configured
to load the ELISA row of the chip through a horizontal
motion.

Modifications of the Preferred Embodiments

It should be understood that many additional changes in the
details, materials, steps and arrangements of parts, which
have been herein described and illustrated in order to explain
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the nature of the present invention, may be made by those
skilled in the art while still remaining within the principles
and scope of the invention.

What is claimed is:

1. Apparatus for determining the quantity of a target pro-
tein and other types of biomarkers or analytes present in a
sample, the apparatus comprising:

a top plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and

a bottom plate comprising a plurality of recesses arranged
to form a plurality of rows extending parallel to one
another, and a plurality of channels extending perpen-
dicularly to the plurality of rows of the bottom plate;

wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom plate
and the recesses of the top plate communicate with the
recesses of the bottom plate so as to form a plurality of
TOWS;

wherein at least one of the top plate and the bottom plate is
configured to slide relative to the other of the top plate
and the bottom plate in order to form a plurality of
columns, with each of the plurality of columns in com-
munication with each of the plurality of channels; and

wherein the recesses in the top plate and the recesses in the
bottom plate extend at a 45 degree angle relative to the
axis of a row.

2. Apparatus according to claim 1 wherein the top plate is

transparent.

3. Apparatus according to claim 1 wherein at least one of
the plurality of rows formed in the top plate comprises an inlet
and an outlet.

4. Apparatus according to claim 1 wherein each of the
plurality of channels is connected to a recess formed in the
bottom plate.

5. Apparatus according to claim 1 further comprising a
protein-specific antibody bound in at least one recess forming
one of the plurality of rows of the top plate.

6. Apparatus according to claim 5 further comprising a
sample positioned in the at least one recess containing the
protein-specific antibody.

7. Apparatus according to claim 6 further comprising a
catalase positioned in the at least one recess containing the
protein-specific antibody and the sample.

8. Apparatus according to claim 5 further comprising a
plurality of protein-specific antibodies each bound in a sepa-
rate recess forming one of the plurality of rows of the top
plate.

9. Apparatus according to claim 8 further comprising a
sample positioned in each recess containing a protein-specific
antibody.

10. Apparatus according to claim 5 further comprising
hydrogen peroxide positioned in a recess in a row adjacent to
the row containing the protein-specific antibody.

11. Apparatus according to claim 5 further comprising ink
positioned in a recess in a row adjacent to the plurality of
channels.

12. Apparatus according to claim 1 further comprising a
bar code reader for detecting the longitudinal position of ink
contained in the plurality of channels.

13. A method for determining the quantity of a target pro-
tein and other types of biomarkers or analytes present in a
sample, the method comprising:

providing an apparatus comprising:
atop plate comprising a plurality of recesses arranged to

form a plurality of rows extending parallel to one
another; and



US 9,097,710 B2

11

a bottom plate comprising a plurality of recesses
arranged to form a plurality of rows extending parallel
to one another, and a plurality of channels extending
perpendicularly to the plurality of rows of the bottom
plate;

wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom
plate and the recesses of the top plate communicate
with the recesses of the bottom plate so as to form a
plurality of rows;

wherein at least one of the top plate and the bottom plate
is configured to slide relative to the other of the top
plate and the bottom plate in order to form a plurality
of columns, with each of the plurality of columns in
communication with each of the plurality of channels;
and

wherein the recesses in the top plate and the recesses in
the bottom plate extend at a 45 degree angle relative to
the axis of a row;

binding a protein-specific antibody in at least one recess

forming one of the plurality of rows of the top plate;

positioning hydrogen peroxide in a recess adjacent to the
row containing the protein-specific antibody;

positioning ink in a recess in a row adjacent to the plurality
of channels;

positioning a sample in the at least one recess containing

the protein-specific antibody;

positioning a catalase in the at least one recess containing

the protein-specific antibody and the sample;

sliding one of the top plate and the bottom plate relative to

the other of the top plate and the bottom plate so as to

form the plurality of columns, with each column being in
communication with one of the plurality of channels;
and

determining the quantity of the target protein and other

biomarker or other molecular analyte present in the

sample by detecting the longitudinal position of the ink
contained in the plurality of channels.

14. A method according to claim 13 wherein the top plate
is transparent.

15. A method according to claim 13 wherein at least one of
the plurality of rows formed in the top plate comprises an inlet
and an outlet.

16. A method according to claim 13 wherein the recesses in
the top plate and the recesses in the bottom plate extend ata 45
degree angle relative to the axis of a row.

17. A method according to claim 13 wherein each of the
plurality of channels is connected to a recess formed in the
bottom plate.

18. A method according to claim 13 further comprising a
plurality of protein-specific antibodies each bound in a sepa-
rate recess forming one of the plurality of rows of the top
plate.

19. A method according to claim 13 further comprising
using a bar code reader to detect the longitudinal position of
ink contained in the plurality of channels.

20. A method for determining the quantity of a target ana-
lyte present in a sample, the method comprising:

providing an apparatus comprising:

atop plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and

a bottom plate comprising a plurality of recesses
arranged to form a plurality of rows extending parallel
to one another, and a plurality of channels extending
perpendicularly to the plurality of rows of the bottom
plate;
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wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom
plate and the recesses of the top plate communicate
with the recesses of the bottom plate so as to form a
plurality of rows;

wherein at least one of the top plate and the bottom plate
is configured to slide relative to the other of the top
plate and the bottom plate in order to form a plurality
of columns, with each of the plurality of columns in
communication with each of the plurality of channels;
and

wherein the recesses in the top plate and the recesses in
the bottom plate extend at a 45 degree angle relative to
the axis of a row;

binding a capture agent in at least one recess forming one of

the plurality of rows of the top plate, introducing a
sample into the at least one recess so that an analyte
contained in the sample is bound to the capture agent,
and binding a probe to the bound analyte; and position-
ing a reagent in a recess adjacent to the row containing
the capture agent, bound analyte and bound probe; and
positioning ink in a recess in a row adjacent to the
plurality of channels;

sliding one of the top plate and the bottom plate relative to

the other of the top plate and the bottom plate so as to
form the plurality of columns, with each column being in
communication with one of the plurality of channels;
and

determining the quantity of the analyte present in the

sample by detecting the longitudinal position of the ink
contained in the plurality of channels.

21. A method according to claim 20 wherein the probe and
reagent are selected from the group consisting of catalase and
hydrogen peroxide, platinum film or particles and hydrogen
peroxide, catalase and carbamide peroxide, zinc and chloric
acid and iron and chloric acid.

22. Apparatus according to claim 1 further comprising an
ELISA probe to react with a reagent to generate gas.

23. Apparatus according to claim 22 wherein the ELISA
probe and reagent are selected from the group consisting of
catalase and hydrogen peroxide, platinum film or particles
and hydrogen peroxide, catalase and carbamide peroxide,
zinc and chloric acid and iron and chloric acid.

24. A method according to claim 13 wherein advancement
of the ink contained in the plurality of channels indicates the
quantity of the target protein or other biomarker or other
molecular analyte present in the sample.

25. Apparatus according to claim 1 wherein advancement
of an ink contained in the plurality of channels indicates the
quantity of the target protein or other biomarker or other
molecular analyte present in the sample.

26. Method according to claim 20 wherein advancement of
the ink contained in the plurality of channels indicates the
quantity of the analyte present in the sample.

27. Apparatus according to claim 1 wherein the top plate
and the bottom plate are made from a material selected from
the group consisting of glass, silicon, plastics, ceramics,
quartz and metal oxide.

28. Method according to claim 13 wherein the top plate and
the bottom plate are made from a material selected from the
group consisting of glass, silicon, plastics, ceramics, quartz
and metal oxide.

29. Method according to claim 20 wherein the top plate and
the bottom plate are made from a material selected from the
group consisting of glass, silicon, plastics, ceramics, quartz
and metal oxide.
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30. Apparatus according to claim 1 wherein the plurality of
columns in communication with the plurality of channels
form a readout panel for determining the quantity of the target
protein and other types of biomarkers or analytes present in
the sample.

31. A method according to claim 13 wherein the plurality
of columns in communication with the plurality of channels
form a readout panel for determining the quantity of the target
protein and other types of biomarkers or analytes present in
the sample.

32. A method according to claim 20 wherein the plurality
of columns in communication with the plurality of channels
form a readout panel for determining the quantity of the
analyte present in the sample.

33. A method according to claim 20 wherein the bound
analyte and probe form an assay sandwich, and the assay
sandwich is formed by one selected from the group consisting
of ELISA, nucleic acid hybridization, hydrogen bonding,
electrostatic reaction and formation of covalent bond.

34. Apparatus according to claim 1 further comprising an
assay and a probe bound in at least one recess forming one of
the plurality of rows of the top plate.

35. Apparatus according to claim 34 wherein the assay and
the probe form an assay sandwich, and the assay sandwich is
formed by one selected from the group consisting of ELISA,
nucleic acid hybridization, hydrogen bonding, electrostatic
reaction and formation of covalent bond.

36. Apparatus according to claim 1 wherein the target
protein, biomarker or analyte present in a sample is selected
from the group consisting of a protein, a nucleic acid, a
peptide, a sugar, an organic compound, a polymer, a metal
ion, bacteria, cells and particles.

37. A method according to claim 13 wherein the target
protein, biomarker or analyte present in a sample is selected
from the group consisting of a protein, a nucleic acid, a
peptide, a sugar, an organic compound, a polymer, a metal
ion, bacteria, cells and particles.

38. A method according to claim 20 wherein the target
analyte present in a sample is selected from the group con-
sisting of a protein, a nucleic acid, a peptide, a sugar, an
organic compound, a polymer, a metal ion, bacteria, cells and
particles.

39. Apparatus according to claim 1 further comprising:

a capture agent bound in at least one recess forming one of
the plurality of rows of the top plate, a sample compris-
ing at least one analyte, the analyte being bound to the
capture agent, and a probe bound to the bound analyte;

areagent positioned in at least one recess in a row adjacent
to the row containing the capture agent, the bound ana-
lyte and the bound probe, wherein reaction of the reagent
with the probe produces a gas in a quantity reflective of
the quantity of the analyte present in the sample; and

ink positioned in a row adjacent to the plurality of channels.

40. Apparatus according to claim 39 wherein the reagent is
positioned in a plurality of rows, with one row being adjacent
to the row containing the capture agent, the bound analyte and
the bound probe, and with the remainder of the rows contain-
ing the reagent alternating with rows containing an amplifier
agent, wherein reaction of the reagent with the amplifier agent
produces a gas in a quantity larger than, but proportional to,
the quantity of gas produced by the reaction of the reagent
with the probe.

41. A method according to claim 20 wherein reaction of the
reagent with the probe produces a gas in a quantity reflective
of the quantity of the analyte present in the sample, and
further wherein the reagent is positioned in a plurality of
rows, with one row being adjacent to the row containing the
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capture agent, the bound analyte and the bound probe, and
with the remainder of the rows containing the reagent alter-
nating with rows containing an amplifier agent, wherein reac-
tion of the reagent with the amplifier agent produces a gas in
a quantity larger than, but proportional to, the quantity of gas
produced by the reaction of the reagent with the probe.

42. Apparatus according to claim 1 further comprising a
capture agent bound in at least one recess forming one of the
plurality of rows of the top plate.

43. Apparatus according to claim 42 further comprising a
sample comprising at least one analyte and a probe.

44. Apparatus for determining the quantity of a target pro-
tein and other types of biomarkers or analytes present in a
sample, the apparatus comprising:

a top plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and

a bottom plate comprising a plurality of recesses arranged
to form a plurality of rows extending parallel to one
another, and a plurality of channels extending perpen-
dicularly to the plurality of rows of the bottom plate;

wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom plate
and the recesses of the top plate communicate with the
recesses of the bottom plate so as to form a plurality of
rOWS;

wherein at least one of the top plate and the bottom plate is
configured to slide relative to the other of the top plate
and the bottom plate in order to form a plurality of
columns, with each of the plurality of columns in com-
munication with each of the plurality of channels; and

wherein each of the plurality of channels is connected to a
recess formed in the bottom plate.

45. Apparatus according to claim 44 wherein the top plate

is transparent.

46. Apparatus according to claim 44 wherein at least one of
the plurality of rows formed in the top plate comprises an inlet
and an outlet.

47. Apparatus according to claim 44 wherein the recesses
in the top plate and the recesses in the bottom plate extend at
a 45 degree angle relative to the axis of a row.

48. Apparatus according to claim 44 further comprising a
protein-specific antibody bound in at least one recess forming
one of the plurality of rows of the top plate.

49. Apparatus according to claim 48 further comprising a
sample positioned in the at least one recess containing the
protein-specific antibody.

50. Apparatus according to claim 49 further comprising a
catalase positioned in the at least one recess containing the
protein-specific antibody and the sample.

51. Apparatus according to claim 48 further comprising a
plurality of protein-specific antibodies each bound in a sepa-
rate recess forming one of the plurality of rows of the top
plate.

52. Apparatus according to claim 51 further comprising a
sample positioned in each recess containing a protein-specific
antibody.

53. Apparatus according to claim 48 further comprising
hydrogen peroxide positioned in a recess in a row adjacent to
the row containing the protein-specific antibody.

54. Apparatus according to claim 48 further comprising ink
positioned in a recess in a row adjacent to the plurality of
channels.

55. Apparatus according to claim 44 further comprising a
bar code reader for detecting the longitudinal position of ink
contained in the plurality of channels.
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56. A method for determining the quantity of a target pro-
tein and other types of biomarkers or analytes present in a
sample, the method comprising:

providing an apparatus comprising:

atop plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and
a bottom plate comprising a plurality of recesses
arranged to form a plurality of rows extending parallel
to one another, and a plurality of channels extending
perpendicularly to the plurality of rows of the bottom
plate;
wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom
plate and the recesses of the top plate communicate
with the recesses of the bottom plate so as to form a
plurality of rows;
wherein at least one of the top plate and the bottom plate
is configured to slide relative to the other of the top
plate and the bottom plate in order to form a plurality
of columns, with each of the plurality of columns in
communication with each of the plurality of channels;
and
wherein each of the plurality of channels is connected to
a recess formed in the bottom plate;
binding a protein-specific antibody in at least one recess
forming one of the plurality of rows of the top plate;
positioning hydrogen peroxide in a recess adjacent to the
row containing the protein-specific antibody;
positioning ink in a recess in a row adjacent to the plurality
of channels;

positioning a sample in the at least one recess containing

the protein-specific antibody;

positioning a catalase in the at least one recess containing

the protein-specific antibody and the sample;

sliding one of the top plate and the bottom plate relative to

the other of the top plate and the bottom plate so as to
form the plurality of columns, with each column being in
communication with one of the plurality of channels;
and

determining the quantity of the target protein and other

biomarker or other molecular analyte present in the
sample by detecting the longitudinal position of the ink
contained in the plurality of channels.

57. A method according to claim 56 wherein the top plate
is transparent.

58. A method according to claim 56 wherein at least one of
the plurality of rows formed in the top plate comprises an inlet
and an outlet.

59. A method according to claim 56 wherein the recesses in
the top plate and the recesses in the bottom plate extend ata 45
degree angle relative to the axis of a row.

60. A method according to claim 56 wherein each of the
plurality of channels is connected to a recess formed in the
bottom plate.

61. A method according to claim 56 further comprising a
plurality of protein-specific antibodies each bound in a sepa-
rate recess forming one of the plurality of rows of the top
plate.

62. A method according to claim 56 further comprising
using a bar code reader to detect the longitudinal position of
ink contained in the plurality of channels.

63. A method for determining the quantity of a target ana-
lyte present in a sample, the method comprising:

providing an apparatus comprising:
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atop plate comprising a plurality of recesses arranged to
form a plurality of rows extending parallel to one
another; and

a bottom plate comprising a plurality of recesses
arranged to form a plurality of rows extending parallel
to one another, and a plurality of channels extending
perpendicularly to the plurality of rows of the bottom
plate;

wherein the top plate and the bottom plate are assembled
together so that the top plate is on top of the bottom
plate and the recesses of the top plate communicate
with the recesses of the bottom plate so as to form a
plurality of rows;

wherein at least one of the top plate and the bottom plate
is configured to slide relative to the other of the top
plate and the bottom plate in order to form a plurality
of columns, with each of the plurality of columns in
communication with each of the plurality of channels;
and

wherein each of the plurality of channels is connected to
a recess formed in the bottom plate;

binding a capture agent in at least one recess forming one of

the plurality of rows of the top plate, introducing a

sample into the at least one recess so that an analyte

contained in the sample is bound to the capture agent,

and binding a probe to the bound analyte; and position-

ing a reagent in a recess adjacent to the row containing

the capture agent, bound analyte and bound probe; and

positioning ink in a recess in a row adjacent to the

plurality of channels;

sliding one of the top plate and the bottom plate relative to

the other of the top plate and the bottom plate so as to
form the plurality of columns, with each column being in
communication with one of the plurality of channels;
and

determining the quantity of the analyte present in the

sample by detecting the longitudinal position of the ink
contained in the plurality of channels.

64. A method according to claim 63 wherein the probe and
reagent are selected from the group consisting of catalase and
hydrogen peroxide, platinum film or particles and hydrogen
peroxide, catalase and carbamide peroxide, zinc and chloric
acid and iron and chloric acid.

65. Apparatus according to claim 44 further comprising an
ELISA probe to react with a reagent to generate gas.

66. Apparatus according to claim 65 wherein the ELISA
probe and reagent are selected from the group consisting of
catalase and hydrogen peroxide, platinum film or particles
and hydrogen peroxide, catalase and carbamide peroxide,
zinc and chloric acid and iron and chloric acid.

67. A method according to claim 56 wherein advancement
of the ink contained in the plurality of channels indicates the
quantity of the target protein or other biomarker or other
molecular analyte present in the sample.

68. Apparatus according to claim 44 wherein advancement
of an ink contained in the plurality of channels indicates the
quantity of the target protein or other biomarker or other
molecular analyte present in the sample.

69. Method according to claim 63 wherein advancement of
the ink contained in the plurality of channels indicates the
quantity of the analyte present in the sample.

70. Apparatus according to claim 44 wherein the top plate
and the bottom plate are made from a material selected from
the group consisting of glass, silicon, plastics, ceramics,
quartz and metal oxide.
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71. Method according to claim 56 wherein the top plate and
the bottom plate are made from a material selected from the
group consisting of glass, silicon, plastics, ceramics, quartz
and metal oxide.

72. Method according to claim 63 wherein the top plate and
the bottom plate are made from a material selected from the
group consisting of glass, silicon, plastics, ceramics, quartz
and metal oxide.

73. Apparatus according to claim 44 wherein the plurality
of columns in communication with the plurality of channels
form a readout panel for determining the quantity of the target
protein and other types of biomarkers or analytes present in
the sample.

74. A method according to claim 56 wherein the plurality
of columns in communication with the plurality of channels
form a readout panel for determining the quantity of the target
protein and other types of biomarkers or analytes present in
the sample.

75. A method according to claim 63 wherein the plurality
of columns in communication with the plurality of channels
form a readout panel for determining the quantity of the
analyte present in the sample.

76. A method according to claim 63 wherein the bound
analyte and probe form an assay sandwich, and the assay
sandwich is formed by one selected from the group consisting
of ELISA, nucleic acid hybridization, hydrogen bonding,
electrostatic reaction and formation of covalent bond.

77. Apparatus according to claim 44 further comprising an
assay and a probe bound in at least one recess forming one of
the plurality of rows of the top plate.

78. Apparatus according to claim 77 wherein the assay and
the probe form an assay sandwich, and the assay sandwich is
formed by one selected from the group consisting of ELISA,
nucleic acid hybridization, hydrogen bonding, electrostatic
reaction and formation of covalent bond.

79. Apparatus according to claim 44 wherein the target
protein, biomarker or analyte present in a sample is selected
from the group consisting of a protein, a nucleic acid, a
peptide, a sugar, an organic compound, a polymer, a metal
ion, bacteria, cells and particles.

80. A method according to claim 56 wherein the target
protein, biomarker or analyte present in a sample is selected
from the group consisting of a protein, a nucleic acid, a
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peptide, a sugar, an organic compound, a polymer, a metal
ion, bacteria, cells and particles.

81. A method according to claim 63 wherein the target
analyte present in a sample is selected from the group con-
sisting of a protein, a nucleic acid, a peptide, a sugar, an
organic compound, a polymer, a metal ion, bacteria, cells and
particles.

82. Apparatus according to claim 44 further comprising:

a capture agent bound in at least one recess forming one of

the plurality of rows of the top plate, a sample compris-
ing at least one analyte, the analyte being bound to the
capture agent, and a probe bound to the bound analyte;
areagent positioned in at least one recess in a row adjacent
to the row containing the capture agent, the bound ana-
lyte and the bound probe, wherein reaction of the reagent
with the probe produces a gas in a quantity reflective of
the quantity of the analyte present in the sample; and
ink positioned in a row adjacent to the plurality of channels.

83. Apparatus according to claim 82 wherein the reagent is
positioned in a plurality of rows, with one row being adjacent
to the row containing the capture agent, the bound analyte and
the bound probe, and with the remainder of the rows contain-
ing the reagent alternating with rows containing an amplifier
agent, wherein reaction of the reagent with the amplifier agent
produces a gas in a quantity larger than, but proportional to,
the quantity of gas produced by the reaction of the reagent
with the probe.

84. A method according to claim 63 wherein reaction of the
reagent with the probe produces a gas in a quantity reflective
of the quantity of the analyte present in the sample, and
further wherein the reagent is positioned in a plurality of
rows, with one row being adjacent to the row containing the
capture agent, the bound analyte and the bound probe, and
with the remainder of the rows containing the reagent alter-
nating with rows containing an amplifier agent, wherein reac-
tion of the reagent with the amplifier agent produces a gas in
a quantity larger than, but proportional to, the quantity of gas
produced by the reaction of the reagent with the probe.

85. Apparatus according to claim 44 further comprising a
capture agent bound in at least one recess forming one of the
plurality of rows of the top plate.

86. Apparatus according to claim 85 further comprising a
sample comprising at least one analyte and a probe.
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